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Summary This work evaluates consumers’ perception of apple juice processed by high pressure processing (HPP)
and pulsed electric field (PEF) compared with thermal processing. As a case study, young Chinese immi-
grants living in New Zealand were selected. Targeting a broad understanding of process impact, three
industrially relevant apple cultivars (New Zealand Jazz, Rose and Granny Smith) were chosen. The con-
sumer study was performed using napping with ultra-flash profiling technique (n = 38). The process
impact on sensory perception seems to vary among the investigated apple cultivars. For Jazz and Granny
Smith apple cultivars, PEF- and HPP-treated juices are perceived as fresh, natural, sweet and balanced fla-
vour. For Rose apple cultivar, however PEF-processed juices appear to be perceived as fresh flavour in
comparison with HPP and thermally treated juices. Moreover, thermal processing caused cooked flavour.
With respect to colour, immediately after processing, HPP retains the natural apple juice colour compared
with other treatments.
Keywords Apple juice, cultivar, high pressure processing, pulsed electric field, sensory perception, thermal processing.
Introduction
Due to its pleasant organoleptic qualities and incredi-
ble health benefits, apple juice is one of the most pop-
ular juices (Kahle et al., 2005). For apple juice,
flavour, colour and cloud stability are the most impor-
tant sensorial quality attributes that determine con-
sumer acceptability. These qualities are however prone
to changes during processing and storage as a result
of complex (bio)chemical reactions. Due to an
increased consumer demand for minimally processed
fruit juices with natural appearance and fresh flavour,
in the past few years a lot of research attention has
been given to novel technologies, such as high pressure
processing (HPP) and pulsed electric field (PEF) (Tim-
mermans et al., 2011), as an alternative to conven-
tional thermal processing. Today, these novel
technologies are being used on an increasing commer-
cial basis, with cold-pressed and high quality-labelled
fruit juices being one of the most important processed
food products.
The literature search revealed a plethora of studies
reporting HPP and PEF technologies provide better
sensorial and nutritional qualities in comparison with
their conventional counterparts (Aguilar-Rosas et al.,
2007; Laboissiere et al., 2007; Li et al., 2010). Most of
these studies compared the impact on quality using
different instrumental and/or sensorial approaches.
Even though the research outputs from these works
are valuable, most of these case studies do not take
into account how consumers perceive these products.
Quality in a very broad sense means satisfying the
expectation of the consumer; in other words, quality
experience delivered by a food should match quality
expectations of a consumer. Therefore, for a reliable
food quality assessment, there is a need for detailed
studies that take into account how consumers perceive
these the so-called minimally processed juices. In addi-
tion, as apple sensorial quality differs from variety to
variety, to have a broad understanding, different apple
varieties should also be taken into consideration.
Napping with ultra-flash profiling was applied in
this study using na€ıve consumers (Pages, 2005), where
they were able to express and describe the similarities
and differences among various apple juices. Napping is
a cost-effective and rapid sensory profiling methodol-
ogy used to uncover the underlying perceptions of the
product in a single sensory session (Pages, 2005). Nap-
ping collects an Euclidian configuration for each con-
sumer where it allows them to express similarities and
differences of a product on a blank paper (a tablecloth
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or ‘nappe’ in French) based on individual’s choice of
criteria and relative importance (Pages, 2005; Lawless
& Heymann, 2010). A perceptual map is then derived
in which close samples represent similar products and
vice versa (Pages, 2005). Ultra-flash profiling is often
used in combination with napping to enrich the
method with descriptive information. In this adapta-
tion, consumers can freely add descriptive terms
directly onto the napping sheet to enhance the product
categorisation (Perrin, 2009).
Recent research has reported that Chinese con-
sumers are becoming more health conscious and are
switching from soft drinks to fruit juices (Euromonitor
2013). With 1.35 billion inhabitants and gross domes-
tic product of 8.3 trillion U.S. dollars (Statista, 2013),
HPP and PEF technologies offer tremendous opportu-
nities for the fruit juice industry to develop value-
added products that satisfy Chinese consumers’ desire
for safe foods without compromising flavour, fresh-
ness, naturalness and nutritional value. To achieve
product market success in China, it is critical to under-
stand Chinese consumers’ sensory perceptions of the
product.
The present work aimed at investigating consumers’
perception of apple juice processed by different pro-
cessing technologies. This study selected Chinese immi-
grants living in New Zealand as a case study. In
particular, young and educated consumers were
recruited in this study as they are relatively health con-
scious, interested in purchasing healthy food products
and tended to be receptive to new technology
(Zakowska-Biemans, 2011; Lau et al., 2012). Taking
into account the possible differences in chemical com-
position among varieties, in this study, three industri-
ally relevant apple cultivars (Rose, Granny Smith and
New Zealand Jazz) were chosen.
Material and methods
Apple juice preparation
Rose, Granny Smith and New Zealand Jazz apples
(harvested in 2014) were transported to the
Department of Food Science, Dunedin, New Zeal-
and, and stored at 4 °C. Prior to juicing, all apples
were washed with 100 ppm chlorinated water for
1 min (Hypostat 135; Wilsons Chemicals, Christch-
urch, New Zealand) to minimise microbial contami-
nation and then rinsed with distilled water. Control
(untreated) juice was prepared on the day of con-
sumer evaluation. Whole apples were juiced using a
Breville Juice Fountain (model JE90, Breville, Syd-
ney, NSW, Australia), sieved (0.5 mm) to remove
the pulp and transported to a storage tank that was
held at 4 °C until processing (not more than 12 h
after juicing).
Apple juice processing
The freshly squeezed apple juice was subjected to ther-
mal, HPP and PEF treatments four days before the
consumer evaluation. The processing conditions were
selected targeting a minimal processing to achieve a
short-term storage (a four-week shelf life at 4 °C).
Due to the lack of reliable microbial inactivation
kinetic data, the target microorganisms for HPP and
PEF processing are not yet agreed upon. In this work,
the processing conditions for thermal, HPP and PEF
technologies were selected based on the currently avail-
able literature information to achieve a 4 log reduc-
tions of one of the E. coli strains: E. coli 916 (Sharma
et al., 2014; Yi et al., 2017).
Conventional thermal treatment (72 °C, 15 s) was
conducted using a continuous tubular heat exchanger
(inner diameter of 10 mm, length of 200 cm) at a flow
rate of 16 L h1. The juice was immediately cooled
down to 13 °C using a continuous tubular heat
exchanger (inner diameter of 10 mm, length of
100 cm). The cooled juice was packed into presterilised
polyethylene Whirl-Pak plastic bags (300 mL,
0.076 mm thick, Nasco, Fort Atkinson, WI, USA)
under hygienic conditions in a laminar flow cabinet
where the packages were vacuum-sealed.
Prior to HPP treatment, the freshly squeezed juice
was vacuum-packed in presterilised polyethylene
Whirl-Pak plastic bags. The juice samples were sub-
jected to a pressure of 600 MPa for 3 min using indus-
trial-scale HPP equipment (HPP 055; Multivac, Sepp
Haggenm€uller GmbH & Co., Wolfertschwenden, Ger-
many). Water was used as a pressure medium. The
inlet temperature of the water was maintained at
7–8 °C. During HPP, the pressure was built up at
125 MPa min1 on average. Next, a stepwise pressure
release was conducted: instantaneous pressure
decreases from 600 MPa to 50 MPa, followed by a
slow decompression from 50 MPa to ambient pressure
within 60 s. The stepwise pressure release was con-
ducted to avoid the leakage of vacuum sealing.
For PEF treatment, the juice kept at 4 °C was pre-
heated to 30 °C using a continuous tubular heat
exchanger (inner diameter of 10 mm, length of
100 cm). PEF treatment was carried out using a pilot-
scale PEF system (Elcrack, HVP-5, DIL, German
Institute of Food Technologies, Quakenbr€uck, Ger-
many) in a continuous mode using a co-linear treat-
ment chamber, with an internal diameter of 10 mm
and a gap of 10 mm between the electrodes (titanium,
grade: 3.7035), using bipolar square wave pulses. The
treatment was carried out with a pulse width of 20 ls,
frequency of 48 Hz, flow rate of 16 L h1, electric field
strength of 15.5 kV cm1 and specific energy of
158 kJ L1. The conductivity of apple juice ranged
between 1.5 and 1.7 mS cm1 (CyberScan CON 11,
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Eutech Instruments, Singapore). A digital oscilloscope
(UTD2042C, Uni-Trend Group Ltd, Hong Kong) was
used to monitor the shape and voltage of the pulses.
The temperature inside the PEF chamber was moni-
tored using fibre-optic sensors. The resulting tempera-
ture inside the chamber during PEF treatment ranged
between 87 °C and 98 °C. After PEF treatment, the
juice was immediately cooled to 19  1 °C by circulat-
ing the juice in a chilled water jacket around the
assembly. The PEF-treated juice was packed into
presterilised polyethylene Whirl-Pak plastic bags under
hygienic condition in a laminar flow cabinet and then
vacuum-sealed. Even though the temperature inside
the chamber could reach a maximum of 98 °C, due to
the short process time (20 ls) the thermal impact dur-
ing PEF treatment is expected to be minimal.
Samples from all treatments were stored at 4 °C
immediately after processing and kept at this temper-
ature before the consumer studies. Physicochemical
characteristics of the juices such as pH, soluble solid
content and colour were measured with a pH meter
(CyberScan pH 2100, Eutech Instruments, Vernon
Hills, IL, USA), a hand refractometer (0–32%
degrees brix) (Atago Co. Ltd., Itabashi, Japan) and
HunterLab Colorimeter (Miniscan XE Plus, Hun-
terLab, Reston, VA, USA), respectively (Table 1).
For the colour measurement, L* (brightness), a*
(greenness/redness) and b* (blueness/yellowness) val-
ues were measured. Based on these three colour coor-
dinates, the total colour difference (DE*) was




 2 þ a  a0 2 þ b  b0 2
h ir
:
In this equation, the subscript ‘0’ indicates initial col-
our of untreated apple juice (reference sample).
One hour prior to consumer evaluation, 25 mL of each
sample was poured into opaque plastic portion cups
(50 mL) with lids. All samples were coded with three-
digit numbers and randomised to account for sample
order and carry-over effects (Macfie et al., 1989). The
randomised sets of samples were stored at ~10 °C until
evaluation.
Participants
Four trials, each consisting of eight to ten participants,
were conducted in Dunedin, New Zealand, in Septem-
ber 2014. The trials were conducted with 17 males and
21 females; 79% students, 79% 18–29 years old, 63%
single and 74% had a bachelor’s degree or above.
Individuals of Chinese ethnicity from mainland China
living in New Zealand for two years or less, 18 years
and older and consumers of apple juices were selected
to participate in this study. The criterion of two years
or less was to ensure consumers have not been sub-
stantially influenced by New Zealand culture. An apple
juice consumer was defined as an individual who con-
sumed an apple juice at least once in the 3 months
prior to participating in the study. Recruitment of par-
ticipants was restricted to the Chinese immigrants in
New Zealand as there was no PEF equipment avail-
able for juice production in China. It was also not
realistic to export the juices to China for consumer
testing due to no existing agreement between New
Zealand and China for food safety regulation around
HPP and PEF processing technologies. Ethical
Table 1 Physicochemical characteristics of pH, soluble solids and colour (mean  SD of three replicates per sample) in apple juices
pH Soluble solids (°Brix)
Colour
L* a* b* DE*
Jazz
Untreated 3.90  0.01 12.70  0.16 58.89  0.99 10.02  0.92 25  9.94 –*
Thermal 3.85  0.01 12.80  0.01 60.14  0.69 8.99  0.83 19.85  4.57 8.34
HPP 3.84  0.01 12.80  0.01 59.09  0.35 11.7  0.37 18.64  0.67 7.01
PEF 3.89  0.01 12.93  0.05 59.76  0.61 9.31  0.31 20.59  2.21 8.75
Rose
Untreated 3.72  0.01 12.40  0.01 55.71  1.21 12.46  0.94 36.88  7.81 –
Thermal 3.70  0.01 12.20  0.01 58.37  0.73 7.46  0.46 33.42  3.95 11.55
HPP 3.82  0.01 12.40  0.01 56.9  0.70 8.95  0.54 36.41  1.29 6.42
PEF 3.81  0.01 12.60  0.01 58.2  1.31 9.37  1.12 26.55  6.29 16.12
Granny Smith
Untreated 2.60  0.01 11.30  0.12 59.59  4.00 ()2.77  0.46 32.91  6.86 –
Thermal 3.01  0.01 12.30  0.12 60.3  1.71 ()0.45  0.43 29.75  3.83 6.03
HPP 3.04  0.01 12.20  0.01 62.3  0.91 ()1.87  0.28 25.43  3.18 7.84
PEF 3.07  0.01 11.60  0.01 64.57  0.50 ()0.95  0.25 16.57  2.18 17.22
*The untreated apple juice is used as a reference to calculate DE*.
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approval was granted by the University of Otago
Human Ethics Committee (Reference number: 13/259).
Consumer evaluation procedure
Evaluation sessions were conducted in Mandarin. All
ballots were initially written in English and translated
into Mandarin. Each of the four trials was identical in
presentation and guided by the same moderator and
assistant. Consumers’ sensory perceptions of apple
juices were investigated using napping with ultra-flash
profiling. This was done to understand consumer per-
ception of how different processing changed the sen-
sory profile of apple juice of different cultivars.
An introduction to napping was given to the partici-
pants to ensure the participants understood the task.
The moderator explained that napping is a two-dimen-
sional task, so that participants were able to differenti-
ate between the samples both horizontally and
vertically. The following instructions were read out
loud to the participants as well as being provided in a
written form on a piece of paper for each participant.
‘Please evaluate the samples in front of you and place
them on the provided space according to how similar or
dissimilar they are for you. The more similar the sam-
ples are, the closer they should be positioned to each
other and the more dissimilar the samples are they
should be positioned further apart. You are also required
to write down your criteria and/or descriptive terms for
why each group is similar or different to the other
groups of samples. There is no right or wrong answer.
Have fun and thanks for your participation!’ (Hopfer &
Heymann, 2013, p. 170).
Each participant was provided with a
840 mm 9 594 mm sheet of white paper, presented
horizontally. Participants evaluated 12 samples in total
and were not informed about the processing method.
All samples were labelled with random three-digit
codes and presented in a balanced design (Macfie
et al., 1989). The participant was initially given a set
of six juices and instructed to taste and sort the juices.
When this first stage had been completed, the partici-
pant was then provided with the second set of six
juices. The twelve juices were presented in two groups
to maintain the serving temperature at 10 °C. Partici-
pants were informed that they were allowed to try the
juices as many times as they wanted and also to rear-
range the juices’ location on the paper sheet until they
were satisfied. When the participants had finished plac-
ing all the twelve samples on the provided space, they
were asked to draw a circle outline around the bottom
of each plastic portion cup on the paper and write the
three-digit code in the centre of the circle. Participants
were then instructed to complete the ultra-flash profil-
ing by describing each of their different groups of
samples.
At the end of the evaluation session, participants’
demographic information including gender, age and
occupation was gathered. Upon completion of the
focus groups, NZD 20 (~USD 18) was given to each
participant. Each trial was audio-recorded and was
approximately one hour in duration.
Data analysis
Napping data were analysed by multiple factor analy-
sis (MFA). The apple juice positions were measured
from the bottom left corner of the paper to the centre
of the apple juice sample in millimetres. Sample posi-
tions were entered into a spreadsheet in Microsoft
Excel (2010) as x- and y-coordinates for each partici-
pant. Each of the participants contributed two data
variables (x, y).
The elicited terms from the ultra-flash profiling
task were qualitatively analysed and collated on a
citation basis, taking into consideration both the
hedonic and sensory descriptors. A value of one is
allocated if a participant used a descriptor for the
sample and a zero if a participant did not use a
descriptor for the sample. A search for recurrent
terms was performed in which terms with similar
meaning were grouped into different categories
within each juice sample. Categories mentioned by
more than 10% of the participants (n ≥ 4) were con-
sidered and entered into the same spreadsheet with
the x- and y-coordinates as one table of supplemen-
tary variables. MFA was then performed on the
data using XLSTAT (version 2014; Addinsoft, Paris,
France). The RV coefficient is used to assess the
agreement of individual participants to the MFA
consensus and ranges from 0 to 1. RV coefficients
close to 1 indicate a good level of agreement among
participants (Nestrud & Lawless, 2010).
Results
In this section, the results of consumers’ studies and
physicochemical analysis of the differently processed
apple juice will be presented step by step. Figures 1–3
show MFA plots for different cultivar apple juices
treated by thermal, HPP and PEF processing, and
compared with untreated juices. The MFA plots are
constructed using two factors (F1 and F2) and the
variance explained by each factor is indicated in the
respective axes. These plots not only enable to graph-
ically observe groupings and/or separations between
differently processed apple juice groups but also
reveal information about the sensory characteristics
that are associated with a certain processing tech-
nique. On the plots, groups that are closer to each
other are considered as similar, while groups that are
far away from each other are considered as different.
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For the Rose apple juice, a total variance of 71.21%
was explained with the two factors (RV coefficient 0.7)
(Fig. 1). F1, representing the biggest variation in the
data, explains the separation between untreated and
PEF-treated juices on the one hand and HPP- and
thermally processed juices on the other hand. From
the plot, it is clear that the untreated and PEF-treated
juices are positioned close to each other and are
described as fresh and natural, light flavour and sweet.
Even though HPP- and thermally treated juices were
not separated by F1, the second factor seems to
explain their difference. Thermally treated juices are
perceived as slightly sour, cooked flavour and slightly
sweet.
For the Granny Smith apple juice, the first two fac-
tors represent a total of 70.45% of the variation (RV
coefficient 0.7) (Fig. 2). The first clear observation is
that thermally treated juices are separated from the
other groups based on F1. This juice was perceived as
sour and slightly sweet. The untreated juice is associ-
ated with artificial flavour and kiwi fruit flavour. The
HPP- and PEF-treated juices are described as greenish
and astringent and seem to be positioned close to each
other.
A total of 75.30% of the variation is explained with
the first two factors for the Jazz apple juices (RV coef-
ficient 0.7) (Fig. 3). On the one hand, F1 separated the
fresh and natural and sour untreated juices from the
treated juices. F2, on the other hand, represents the
separation between thermally treated juices, which
were perceived as yummy and slightly sour, from the
rest of the groups. The HPP- and PEF-treated samples
Figure 1 A MFA plot for Rose apple culti-
vars treated by thermal, HPP and PEF pro-
cessing, and compared with untreated apple
juice (n = 38).
Figure 2 A MFA plot for Granny Smith
apple cultivars treated by thermal, HPP and
PEF processing, and compared with
untreated apple juice (n = 38).
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are positioned close to each other and are described as
balanced flavour and sweet.
The physicochemical characteristics of the apple
juices such as pH, soluble solid content and colour are
shown in Table 1. There is a negligible effect of the
applied pasteurisation on the pH and soluble solid
content, whereas the colour coordinates and the total
colour difference are affected by processing. For Jazz
and Rose apple juices, PEF and thermal pasteurisation
caused an increased L* value (lightness) and decreased
a* value (redness) compared with HPP. For Granny
Smith apple juice, PEF processing seems to cause a
detrimental effect resulting in an increased lightness
and less greenness compared with HPP.
Discussion
In general, the impact of processing on sensory attri-
butes appears to be different among the different apple
cultivars. For instance, for Jazz and Granny Smith
apple cultivars, PEF- and HPP-treated juices are per-
ceived as fresh, natural, sweet and balanced flavour.
For Rose apple cultivar, however PEF-processed juices
appear to be perceived as natural fresh flavour in com-
parison with HPP and thermally treated juices. This
could be because of the short processing time (in
microseconds) during PEF processing albeit higher
temperatures (ranging between 87 and 98 °C) are
reached in the PEF co-linear chamber. The current
findings are in agreement with the literature that sen-
sory characteristics of HPP- and PEF-treated juices
were more similar to the untreated juice than the ther-
mally treated juice (Rivas et al., 2006; Aguilar-Rosas
et al., 2007; Laboissiere et al., 2007). Aguilar-Rosas
et al. (2007) found hexanal and hexyl acetate that are
responsible for fresh notes were mostly retained in the
PEF-treated apple juice (7% and 8.4% loss respec-
tively, as compared to the untreated juice).
Moreover, conventional thermal pasteurisation
seems to alter the apple juice aroma by decreasing
pleasant notes such as fresh and natural, while increas-
ing undesirable notes including cooked flavour and
sour. Aguilar-Rosas et al. (2007) also reported a simi-
lar trend in apple juice. Furthermore, comparable
effects on the sensory characteristics due to thermal
treatment have been reported for orange juice (Sentan-
dreu et al., 2005), blueberry juice (Bett-Garber & Lea,
2013) and pineapple juice (Li et al., 2010).
With respect to the effect of processing on colour
(Table 1), PEF and thermal pasteurisation caused a
higher total colour difference (DE*) in the apple vari-
eties compared with HPP processing. The observation
reported in section 3 is also visually confirmed, and
HPP-treated juices are visually more similar to the
untreated juices. Thermally treated ones are darker
and more cloudy. PEF-treated samples are lighter in
colour (see Fig. 4). This trend is consistent among all
three cultivars. Hence, immediately after processing,
HPP seems to retain the natural apple juice colour
compared with the other processing technologies. A
similar observation was also reported by Ref. (Yi
et al., 2016, 2017).
Overall, the napping with ultra-flash profiling used
in this study has demonstrated the potential to under-
stand the similarity and differences of apple juices and
identify important sensory attributes that drive con-
sumers’ perceptions of the juices. The research output
from this study indicated that smart selection of pro-
cessing method and cultivar can optimise the sensory
characteristics to best match differing consumer expec-
tations. However, it is important to note that the nap-
ping with ultra-flash profiling results should only be
interpreted within the context of this study and that
they are not generalisable to a wider population given
the relatively smaller sample size used and only limited
to young Chinese immigrants living in New Zealand
Figure 3 A MFA plot for Jazz apple culti-
vars treated by thermal, HPP and PEF pro-
cessing, and compared with untreated apple
juice (n = 38).
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as study subjects. A further validation of the study’s
results in China is an obvious next step.
Conclusions
The present study provides important insights into
consumers’ perception towards HPP- and PEF-treated
juices in comparison with their conventional counter-
parts. The process impact seems to vary among the
investigated apple cultivars. For Jazz and Granny
Smith apple cultivars, PEF- and HPP-treated juices
are perceived as fresh, natural, sweet and balanced fla-
vour. For Rose apple cultivar, however PEF-processed
juices appear to be perceived as natural fresh flavour
in comparison with HPP- and thermally treated juices.
Moreover for all varieties, conventional thermal pro-
cessing seems to decrease the pleasant notes such as
fresh and natural, while increasing undesirable notes
including cooked flavour and sour. Juice manufacturers
need to be aware that systematic selection of process-
ing method and cultivar can be used as a way to mod-
ify the sensory characteristics of apple juice without
any use of additives when targeting specific markets.
For apple juice colour, PEF and thermal pasteurisa-
tion caused a higher total colour difference (DE*) com-
pared with HPP. HPP-treated juices are visually more
similar to the untreated juices. Thermally treated ones
are darker and more cloudy. PEF-treated samples are
lighter in colour. In general, immediately after process-
ing, HPP seems to retain the natural apple juice colour
compared with PEF and thermal processing. Neverthe-
less, one should remember that these minimally pro-
cessed juices might have a limited shelf life due to
residual enzyme activities that can cause undesirable
colour and flavour changes during storage. Thus,
although a shelf-life study was not the aim of the pre-
sent work, in the future it is worthwhile to investigate
quality changes of PEF and HPP pasteurised juice
during shelf life. In line with that, for a reliable food
quality assessment and shelf-life prediction, there is a
need for detailed studies integrating instrumental and
sensorial analysis (including consumer acceptance).
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